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ERASABLE PROGRAMMABLE each other by an isolation structure 39. For example , the 
NON - VOLATILE MEMORY isolation structure 39 is a shallow trench isolation ( STI ) 

structure . 
This application claims the benefit of U.S. provisional As shown in the equivalent circuit of FIG . 1D , the 

application Ser . No. 62 / 817,568 , filed Mar. 13 , 2019 and 5 non - volatile memory comprises a select transistor , a floating 
Taiwan Patent Application No. 109100414 , filed Jan. 7 , gate transistor and an n - type transistor . The select transistor 
2020 , the subject matters of which are incorporated herein and the floating gate transistor are p - type transistors and 
by reference . constructed in the n - type well region ( NW ) . The n - type well 

The present invention relates to a non - volatile memory , region ( NW ) receives the n - well voltage Vnw . The n - type 
and more particularly to an erasable programmable non- transistor is constructed in the p - type well region ( PW ) . In 
volatile memory . addition , the p - type well region ( PW ) receives the p - well 

voltage Vpw 
BACKGROUND OF THE INVENTION The select gate of the select transistor receives the select 

15 gate voltage V The first source / drain terminal of the 
FIGS . 1A - 1D schematically illustrate the structure and the select transistor receives the source line voltage Vs. The 

equivalent circuit of a memory cell of a conventional first source / drain terminal of the floating gate transistor is 
erasable programmable non - volatile memory . For example , connected with the second source / drain terminal of the 
the conventional erasable programmable non - volatile select transistor . The second source / drain terminal of the 
memory is disclosed in U.S. Pat . No. 8,592,886 . FIG . 1A is 20 floating gate transistor receives the bit line voltage VBL . The 
a schematic top view illustrating the memory cell of the gate terminal of the n - type transistor and the floating gate of 
conventional erasable programmable non - volatile memory . the floating gate transistor are connected with each other . 
FIG . 1B is a schematic cross - sectional view illustrating the The first source / drain terminal of the n - type transistor and 
memory cell of FIG . 1A and taken along a first direction the second source / drain terminal of the n - type transistor are 
( al - a2 ) . FIG . 1C is a schematic cross - sectional view illus- 25 connected with each other to receive the erase line voltage 
trating the memory cell of FIG . 1A and taken along a second 
direction ( b1-62 ) . FIG . 1D is a schematic equivalent circuit In case that different magnitudes of the select gate voltage 
diagram of the memory cell . VSG , the source line voltage VsL , the erase line voltage V , 
As shown in FIGS . 1A and 1B , the memory cell of the and the bit line voltage VBL are provided to the memory cell 

conventional non - volatile memory comprises two serially- 30 of the erasable programmable non - volatile memory , elec 
connected p - type transistors . The two p - type transistors are trons are controlled to be injected into the floating gate of the 
constructed in an n - type well region ( NW ) . Three p - type floating gate transistor or ejected from the floating gate of 
doped regions 31 , 32 and 33 are formed in the n - type well the floating gate transistor . 
region ( NW ) . In addition , two polysilicon gates 34 and 36 After the electrons are injected into the floating gate of the 
are spanned over the regions between the three p - type doped 35 floating gate transistor , the memory cell is in a programmed 
regions 31 , 32 and 33 . state . After the electrons are ejected from the floating gate of 

The first p - type transistor is used as a select transistor , and the floating gate transistor , the memory cell is in an erased 
the polysilicon gate 34 ( also referred as a select gate ) of the state . 
first p - type transistor is connected to a select gate voltage Moreover , plural memory cells of the erasable program 
VsG . The p - type doped region 31 is connected to a source 40 mable non - volatile memory may be collaboratively formed 
line voltage Vs. The p - type doped region 32 is a combi- as a memory array . FIG . 2A is a schematic circuit diagram 
nation of a p - type doped drain region of the first p - type illustrating a conventional erasable programmable non - vola 
transistor and a p - type doped region of the second p - type tile memory . The erasable programmable non - volatile 
transistor . The second p - type transistor is a floating gate memory comprises a memory array 410 and a sensing circuit 
transistor . The polysilicon gate 36 ( also referred as a floating 45 420. The memory array 410 comprises mxn memory cells 
gate ) is disposed over the second p - type transistor . The C11 - Cmn . The structure of each memory cell is identical to 
p - type doped region 33 is connected to a bit line voltage the structure of the memory cell as shown in FIG . 1D . 
V BL . Moreover , the n - type well region ( NW ) is connected to The memory array 410 comprises m word lines 
an n - well voltage V WL1 - WLm , n bit lines BL1 - BLn , n source lines SL1 - SLn 
As shown in FIGS . 1A and 10 , the memory cell of the 50 and n erase lines EL1 - ELn . A select gate voltage VsG is 

conventional non - volatile memory further comprises an provided to the word lines WL1 - WLm . A source line 
n - type transistor . The n - type transistor is composed of the voltage Vs? is provided to the source lines SL1 - SLn . An 
floating gate 36 and an erase gate region 35. The n - type erase line voltage VEL is provided to the erase lines 
transistor is constructed in a p - type well region ( PW ) . An EL1 - ELn . A bit line voltage VBA is provided to the bit lines 
n - type doped region 38 is formed in the p - type well region 55 BL1 - BLn . 
( PW ) . That is , the erase gate region 35 contains the p - type Each of the word lines WL1 - WLm is connected with a 
well region ( PW ) and the n - type doped region 38 . corresponding row of n memory cells . The n memory cells 
As shown in FIG . 1A , the floating gate 36 is extended in each row are connected with the n source lines SL1 - SLn , 

externally and located near the erase gate region 35. Con- the n erase lines EL1 - ELn and the n bit lines BL1 - BLn , 
sequently , the floating gate 36 is also the gate terminal of the 60 respectively . For example , the word line WL2 is connected 
n - type transistor . Moreover , the n - type doped region 38 may with the n memory cells C21 - C2n in the second row . 
be considered as a combination of an n - type doped source Moreover , the n memory cells C21 - C2n are connected with 
region and an n - type doped drain region . The n - type doped the n source lines SL1 - SLn , the n erase lines EL1 - ELn and 
region 38 is connected to an erase line voltage Vel . In the n bit lines BL1 - BLn , respectively . 
addition , the p - type well region ( PW ) is connected to a 65 Generally , each of the memory cells C11 - Cmn in the 
p - well voltage Vpw . As shown in FIG . 1C , the erase gate memory array 410 may be programmed to be in a pro 
region 35 and the n - type well region ( NW ) are isolated from grammed state or erased to be in an erased state . 

NW 
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The sensing circuit 420 comprises a switch set , a current However , as the size of the memory cell increases , the 
comparator 430 and a reference current generator 440. The layout area of the memory array 410 increases . Under this 
switch set comprises n switches S1 - Sn . According to a circumstance , the applications of the non - volatile memory 
control signal Ctrl , one of the switches S1 - Sn is controlled are impaired . 
to be in a close state , and the other switches are controlled 5 
to be in an open state . The sensing circuit 420 can judge SUMMARY OF THE INVENTION 
whether the selected memory cell of the memory array 410 
is in the programmed state or the erased state . An embodiment of the present invention provides an 

During a read action , the select gate voltage VsG is erasable programmable non - volatile memory . The erasable 
provided to the word line WL2 . Consequently , the word line programmable non - volatile memory includes a memory 
WL2 is activated , and the row of the n memory cells array and a sensing circuit . The memory array includes a first 
C21 - C2n connected with the word line WL2 is a selected array region and a second array region . A first word line is 

connected with a first row of n general memory cells in the row . For example , if the switch S2 is in the close state and 
the other switches are in the open state according to the first array region . The first word line is connected with a first 

15 reference memory cell in the second array region . The control signal Ctrl , the memory cell C22 is the selected memory array further includes n general bit lines , n general memory cell . The selected memory cell C22 is connected erase lines , n general source lines , a reference bit line , a with the current comparator 430 through the bit line BL2 . reference erase line and a reference source line . The first row 
When proper magnitudes of the source line voltage Vs of n general memory cells are respectively connected with 

the erase line voltage Ver and the bit line voltage Vis are 20 the n general bit lines , the n general erase lines and the n 
respectively provided to the source line SL2 , the erase line general source lines . The first reference memory cell is 
EL2 and the bit lines BL , a read current Ir generated by the connected with the reference bit line , the reference erase line 
selected memory cell C22 is transmitted to the current and the reference source line . A read current in the program 
comparator 430 through the bit line BL2 . According to the state of each general memory cell is higher than a read 
result of comparing the read current Ir with a reference 25 current in the program state of the first reference memory 
current Iref , the current comparator 430 issues an output data cell . An erase efficiency of each general memory cell is 
signal Do to indicate the storage state of the selected higher than an erase efficiency of the first reference memory 
memory cell C22 . cell . The sensing circuit includes a switch set and a current 

For example , if the read current Ir generated by the comparator . The switch set is connected with the n general 
selected memory cell C22 is higher than the reference 30 bit lines and the reference bit line . The current comparator 

is connected with the switch set . When a read action is current Iref , the output data signal Do is in a first logic level 
state to indicate that the selected memory cell C22 is in the performed and the first word line is activated , one of the n 
programmed state . Whereas , if the read current Ir generated general bit lines and the reference bit line are connected with 

the current comparator through the switch set according to by the selected memory cell C22 is lower than the reference 
current Iref , the output data signal Do is in a second logic 35 a control signal . Consequently , the first row of n general 
level state to indicate that the selected memory cell C22 is memory cells is determined as a first selected general 

memory cell , and the first reference memory cell is deter in the erased state . mined as a first selected reference memory cell . The first According to the control signal Ctrl , the other selected selected general memory cell generates a first read current to 
memory cells in the selected row can be determined . Simi- 40 the current comparator . The first selected reference memory 
larly , the current comparator 430 can determine the storage cell generates a first reference current to the current com 
states of the memory cells by the above method . parator . The current comparator generates an output data 
FIG . 2B is a schematic circuit diagram illustrating the signal according to the first reference current and the first 

reference current generator of the conventional erasable read current . 
programmable non - volatile memory . As shown in FIG . 2B , 45 Numerous objects , features and advantages of the present 
the reference current generator 440 comprises a bandgap invention will be readily apparent upon a reading of the 
reference circuit 442 and a resistor R. The bandgap reference following detailed description of embodiments of the pres 
circuit 442 generates a bandgap voltage Vbg to the resistor ent invention when taken in conjunction with the accompa 
R. Consequently , the reference current Iref is generated , i.e. , nying drawings . However , the drawings employed herein 
Iref = Vbg / R . 50 are for the purpose of descriptions and should not be 

Generally , due to the variation of the semiconductor regarded as limiting . 
manufacturing process , the erase count and the operating BRIEF DESCRIPTION OF THE DRAWINGS temperature , the magnitude of the read current Ir generated 
by the memory cell of the memory array 410 may be varied . The above objects and advantages of the present invention Moreover , the resistor R of the reference current generator will become more readily apparent to those ordinarily 440 is a polysilicon resistor . The variation of the resistor R skilled in the art after reviewing the following detailed may result in the variation of the reference current Iref . description and accompanying drawings , in which : 

Preferably , the read current Ir is high enough when the FIGS . 1A - 1D ( prior art ) schematically illustrate the struc 
memory cell is in the programmed state , and the read current 60 ture and the equivalent circuit of a memory cell of a 
Ir is low enough when the memory cell is in the erased state . conventional erasable programmable non - volatile memory ; 
For achieving this purpose , it is important to increase the FIG . 2A ( prior art ) is a schematic circuit diagram illus 
size of the memory cell . Consequently , even if the reference trating a conventional erasable programmable non - volatile 
current Iref is subjected to variation , the current comparator memory ; 
430 is still able to confirm whether the memory cell is in the 65 FIG . 2B ( prior art ) is a schematic circuit diagram illus 
programmed state or the erased state according to the read trating the reference current generator of the conventional 
current Ir of the memory cell and the reference current Iref . erasable programmable non - volatile memory ; 

55 
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FIG . 3 is a schematic top view illustrating a first type the p - type well region ( PW ) and an n - type doped region 466 
memory cell and a second type memory cell of an erasable so as to define the erase gate region . The p - type doped region 
programmable non - volatile memory according to 461 is connected with a source line SLref . The p - type doped 
embodiment of the present invention ; region 463 is connected with a bit line BLref . The n - type 
FIG . 4A is a plot illustrating the relationship between the 5 doped region 466 is connected with an erase line ELref . 

effective floating gate widths of different memory cells and The equivalent circuit diagram of the first type memory 
the corresponding read currents in the programmed state ; cell 450 and the second type memory cell 460 is similar to 
FIG . 4B is a plot illustrating the relationship between the the equivalent circuit diagram of FIG . ID , and is not 

coupling ratio of the floating gate and the erase ability ; redundantly described herein . In accordance with a feature 
FIGS . 5A , 5B , 5C and 5D schematically illustrate the 10 of the present invention , the effective floating gate areas and 

characteristics of four memory cells with different types ; the effective erase gate areas of the first type memory cell 
FIG . 6 is a schematic circuit diagram illustrating an 450 and the second type memory cell 460 are different . 

erasable programmable non - volatile memory according to a Generally , the effective floating gate area is an overlap 
first embodiment of the present invention ; ping region of the floating gate overlying a channel region 
FIGS . 7A , 7B and 7C schematically illustrate three 15 of the floating gate transistor , and the effective erase gate 

examples of the erase gate region ; and area is an overlapping region of the floating gate overlying 
FIG . 8 is a schematic circuit diagram illustrating an the n - type doped region . 

erasable programmable non - volatile memory according to a The effective floating gate area of the first type memory 
second embodiment of the present invention . cell 450 is A1 , and the effective erase gate area of the first 

20 type memory cell 450 is B1 . The effective floating gate area 
DETAILED DESCRIPTION OF PREFERRED may be expressed as : A1 = W1xL1 , wherein W1 is a channel 

EMBODIMENTS width of the floating gate transistor , and L1 is a channel 
length of the floating gate transistor . The effective floating 

FIG . 3 is a schematic top view illustrating a first type gate area of the second type memory cell 460 is A2 , and the 
memory cell and a second type memory cell of an erasable 25 effective erase gate area of the second type memory cell 460 
programmable non - volatile memory according to is B2 . The effective floating gate area may be expressed as : 
embodiment of the present invention . As shown in FIG . 3 , A2 = W2xL2 , wherein W2 is a channel width of the floating 
the erasable programmable non - volatile memory comprises gate transistor , and L2 is a channel length of the floating gate 
a first type memory cell 450 and a second type memory cell transistor . 
460 . In this context , the percentage of the effective floating 

The first type memory cell 450 comprises two serially- gate area divided by the sum of the effective floating gate 
connected p - type transistors . The two p - type transistors are area and the effective erase gate area is defined as a coupling 
constructed in an n - type well region ( NW ) . Three p - type ratio of the floating gate of the memory cell . That is , the 
doped regions 451 , 452 and 453 are formed in the n - type coupling ratio of the floating gate of the first type memory 
well region ( NW ) . In addition , two polysilicon gates 454 and 35 cell 450 is equal to A1 / ( A1 + B1 ) , and the coupling ratio of 
455 are spanned over the regions between the three p - type the floating gate of the second type memory cell 460 is equal 
doped regions 451 , 452 and 453 . to A2 / ( A2 + B2 ) . 

The first p - type transistor of the first type memory cell 450 Generally , the effective floating gate area , the effective 
is used as a select transistor . Moreover , the first p - type erase gate area and the coupling ratio of the floating gate of 
transistor comprises the polysilicon gate 454 ( also referred 40 the memory cell may influence the read current in the 
as a select gate ) , the p - type doped region 451 and the p - type program state , the erase efficiency and the corresponding 
doped region 452. The p - type doped region 451 is connected read current of the memory cell . The reasons will be 
with a source line SL1 . described as follows . 

The second p - type transistor of the first type memory cell FIG . 4A is a plot illustrating the relationship between the 
450 is used as a floating gate transistor . Moreover , the 45 effective floating gate widths of different memory cells and 
second p - type transistor comprises the polysilicon gate 455 the corresponding read currents in the programmed state . 
( also referred as a floating gate ) , the p - type doped region 452 Please refer to FIG . 4A . In case that the channel length is 
and the p - type doped region 453. The p - type doped region fixed , the increase of the effective floating gate width may 
453 is connected with a bit line BL1 . increase the area of the effective floating gate area . When the 

The floating gate 455 is extended externally to cover the 50 memory cell is in the programmed state , the magnitude of 
n - type well region ( NW ) , a p - type well region ( PW ) and an the read current generated by the memory cell with the larger 
n - type doped region 456 so as to define an erase gate region . effective floating gate width is higher and the magnitude of 
The n - type doped region 456 is connected with an erase line the read current generated by the memory cell with the 
ED . Optionally , a p - type block region PWBLK is formed smaller effective floating gate width is lower . 
between the p - type well region ( PW ) and the n - type doped 55 In other words , after the identical program voltage is 
region 456 . applied to the memory cell to perform the program action , 

The second type memory cell 460 comprises two serially- the read current in the program state of the memory cell with 
connected p - type transistors and an erase gate region . the larger effective floating gate width is higher . Conse 

The first p - type transistor of the second type memory cell quently , more hot carriers are injected into the floating gate , 
460 is used as a select transistor . Moreover , the first p - type 60 and the magnitude of the read current generated by the 
transistor comprises a select gate 464 , a p - type doped region memory cell with the larger effective floating gate width is 
461 and a p - type doped region 462. The second p - type higher . Whereas , the read current at program state of the 
transistor of the second type memory cell 460 is used as a memory cell with the smaller effective floating gate width is 
floating gate transistor . Moreover , the second p - type tran- lower . Consequently , less hot carriers are injected into the 
sistor comprises a floating gate 465 , a p - type doped region 65 floating gate , and the magnitude of the read current gener 
462 and a p - type doped region 463. The floating gate 465 is ated by the memory cell with the smaller effective floating 
extended externally to cover the n - type well region ( NW ) , gate width is lower . 
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FIG . 4B is a plot illustrating the relationship between the FIG . 5C is a plot illustrating the relationships between the 
coupling ratio of the floating gate and the erase ability . It is erase time and the read current of the memory cell . The 
assumed that the thickness of the gate oxide layer of the memory cell celli has the largest floating gate coupling 
erase gate region is 100 Å ( angstrom ) . ratio . The floating gate coupling ratio of the memory cell 

Please refer to FIG . 4B . For allowing the erase gate region 5 cell2 is higher than the floating gate coupling ratio of the 
to generate the sufficient electric field to eject the hot carriers memory cell cell3 . The floating gate coupling ratio of the 
from the floating gate , the memory cell whose floating gate memory cell cell3 is higher than the floating gate coupling 
coupling ratio is 80 % has to receive the erase voltage of 15V ratio of the memory cell cell4 . 
and the memory cell whose floating gate coupling ratio is After the identical erase bias voltage is provided to erase 
92 % has to receive the erase voltage of 9V . 10 the memory cells cel12 , cell3 and cel14 for an erase time 

Moreover , after the identical erase voltage is applied to period of 100 ms , the magnitude of the read current gener 
the memory cell to perform the erase action , the erase ated by the memory cell cell4 is the highest ( e.g. , about 11 
efficiency of the memory cell with the larger floating gate UA ) , the magnitude of the read current generated by the 
coupling ratio is higher . Consequently , more hot carriers are memory cell cell3 is about 8 u? , the magnitude of the read 
rejected from the floating gate , and the magnitude of the read 15 current generated by the memory cell cell2 is about 2 uA , 
current is lower . Whereas , the erase efficiency of the and the magnitude of the read current generated by the 
memory cell with the smaller floating gate coupling ratio is memory cell celli is the lowest ( e.g. , about 8 PA ) . 
lower . Consequently , less hot carriers are rejected from the In other words , the memory cell celli has the highest 
floating gate , and the magnitude of the read current is higher . erase efficiency to eject the greatest amount of hot carriers 
FIGS . 5A , 5B , 5C and 5D schematically illustrate the 20 from the floating gate and generate the lowest read current . 

characteristics of four memory cells with different types . The erase efficiencies of the memory cells cell2 and cell3 are 
Except for the effective floating gate area and the effective inferior . Since the memory cell cell4 has the worse erase 
erase gate area , the structure of each of the four memory efficiency , the smallest amount of hot carriers are ejected 
cells celli , cel12 , cell3 and cel14 is similar to the structure of from the floating gate and the magnitude of the read current 
the memory cell as shown in FIG . 3A . 25 is the highest . 

Please refer to FIG . 5A . The channel width and the FIG . 5D schematically illustrates the results of the endur 
channel length of the floating gate transistor in the memory ance test on the memory cell . As the program / erase ( P / E ) 
cell cell1 are 0.6 um and 0.45 um , respectively . That is , the count increases , the read currents of the memory cells celli 
effective floating gate area is equal to 0.6 umx0.45 um . and cell3 in the erased state increase . 
Moreover , the effective erase gate area is equal to 0.18 30 As mentioned above , the memory cell cell1 has the higher 
umx0.18 um . Consequently , the floating gate coupling ratio read current in the program state and the better erase 
of the memory cell cell1 is 89.3 % . efficiency , and the memory cells cell3 has the inferior read 

Please refer to FIG . 5A again . The effective floating gate current in the program state and the inferior erase efficiency . 
area of the memory cell cell2 is equal to 0.28 umx0.45 um . After the program / erase actions have been performed many 
Moreover , the effective erase gate area of the memory cell 35 times , the read current generated by the memory cell cell1 
cel12 is equal to 0.2 umx0.18 um . Consequently , the floating in the programmed state is still higher than the read current 
gate coupling ratio of the memory cell cell1 is 77.8 % . generated by the memory cell cell3 in the programmed state , 

Please refer to FIG . 5A again . The effective floating gate and the read current generated by the memory cell cell1 in 
area of the memory cell cell3 is equal to 0.28 umx0.45 um . the erased state is still lower than the read current generated 
Moreover , the effective erase gate area of the memory cell 40 by the memory cell cell3 in the erased state . 
cell3 is equal to 0.325 umx0.18 um . Consequently , the Please refer to FIG . 5D again . The read current generated 
floating gate coupling ratio of the memory cell celli is by the memory cell cell1 in the programmed state is still 
68.3 % . higher than the read current generated by the memory cell 

Please refer to FIG . 5A again . The effective floating gate cell3 in the programmed state . The read current generated by 
area of the memory cell cell4 is equal to 0.28 umx0.45 um . 45 the memory cell cell3 in the programmed state is higher than 
Moreover , the effective erase gate area of the memory cell the read current generated by the memory cell cell3 in the 
cell4 is equal to 0.45 umx0.18 um . Consequently , the erased state . The read current generated by the memory cell 
floating gate coupling ratio of the memory cell celll is cel13 in the erased state is higher than the read current 
60.9 % . generated by the memory cell cell1 in the erased state . 
FIG . 5B is a plot illustrating the relationships between the 50 According to the above characteristics of the memory 

program time and the read current of the memory cell . The cells , the present invention provides an erasable program 
memory cell celli has the largest effective floating gate area . mable non - volatile memory and a sensing method for the 
The effective floating gate areas of the memory cells cell2 , erasable programmable non - volatile memory . 
cel13 and cel14 are equal . After the identical program bias FIG . 6 is a schematic circuit diagram illustrating an 
voltage is provided to program the memory cells cell2 , cell3 55 erasable programmable non - volatile memory according to a 
and cell4 for a program time period of 50 us , the read current first embodiment of the present invention . The erasable 
of each of the memory cell2 , cell3 and cell4 is about 21 us , programmable non - volatile memory comprises a memory 
and the highest read current of the memory cell celll is about array 610 and a sensing circuit 620. The memory array 610 

comprises a first array region 612 and a second array region 
Since the channel width of the floating gate transistor in 60 614. The first array region 612 comprises mxn memory cells 

the memory cell cell1 is the largest , more hot carriers are C11 - Cmn . The second array region 614 comprises mx1 
injected into the floating gate and the higher magnitude of memory cells Cref1 - Crefm . 
the read current is generated . Since the channel widths of the The structures of the mxn memory cells C11 - Cmn in the 
floating gate transistors in the memory cells cell2 , cell3 and first array region 612 are identical . The structures of the mx1 
cel14 are smaller , less hot carriers are injected into the 65 memory cells Crefl - Crefm in the second array region 614 
floating gate and a smaller magnitude of the read current is are identical . The structure of each of the mxn memory cells 
generated . C11 - Cmn in the first array region 612 is identical to the 

34 us . 
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structure of the first type memory cell 450 as shown in FIG . bit line voltage VBL is provided to the bit lines BL2 and 
3. The structure of each of the mxl memory cells BLref , a read current Ir generated by the selected general 
Cref1 - Crefm in the second array region 614 is identical to memory cell C22 is transmitted to the current comparator 
the structure of the second type memory cell 460 as shown 630 through the bit line BL2 and a reference current Iref 
in FIG . 3 . 5 generated by the selected reference memory cell Cref2 is 

In this embodiment , read current at the program state and transmitted to the current comparator 630 through the bit 
the erase efficiency of each of the mxn memory cells line BLref . 
C11 - Cmn in the first array region 612 are higher than those According to the result of comparing the read current Ir 
of each of the mx1 memory cells Cref1 - Crefm in the second with a reference current Iref , the current comparator 630 
array region 614 . 10 issues an output data signal Do to indicate the storage state 

The mxn memory cells C11 - Cmn and the mx1 memory of the selected general memory cell C22 . 
cells Crefl - Crefm are different types of memory cells . In For example , if the read current Ir generated by the 
this context , the mxn memory cells C11 - Cmn in the first selected general memory cell C22 is higher than the refer 
array region 612 are referred as general memory cells , and ence current Iref , the output data signal Do is in a first logic 
the mx1 memory cells Crefl - Crefm in the second array 15 level state to indicate that the selected general memory cell 
region 614 are referred as reference memory cells . C22 is in the programmed state . Whereas , if the read current 

The memory array 610 comprises m word lines Ir generated by the selected general memory cell C22 is 
WL1 - WLm , ( n + 1 ) bit lines BL1 - BLn and BLref , ( n + 1 ) lower than the reference current Iref , the output data signal 
source lines SL1 - SLn and SLref , and ( n + 1 ) erase lines Do is in a second logic level state to indicate that the selected 
EL1 - ELn and ELref . 20 general memory cell C22 is in the erased state . 
A select gate voltage Vsg is provided to the word lines As mentioned above , the read current in the program state 

WL1 ~ WLm . A source line voltage Vsz is provided to the and the erase efficiency of the selected general memory cell 
source lines SL1 - SLn and SLref . An erase line voltage VEL C22 are higher than those of the selected reference memory 
is provided to the erase lines EL1 - ELn and ELref . A bit line cell Cref2 . Regardless of whether the selected reference 
voltage VBL is provided to the bit lines BL1 - BLn and BLref . 25 memory cell Cref2 is in the programmed state or the erased 

Each of the word lines WL1 - WLm is connected with a state , the read current ( i.e. , the reference current Iref ) gen 
corresponding row of ( n + 1 ) memory cells . That is , each of erated by the reference memory cell Cref2 is in the range 
the word lines WL1 - WLm is connected with n general between the read current Ir of the selected general memory 
memory cells of the first array region 612 and one reference cell C22 in the programmed state and the read current Ir of 
memory cell of the second array region 614. The ( n + 1 ) 30 the selected general memory cell C22 in the erased state . 
memory cells in each row are connected with the ( n + 1 ) Consequently , regardless of whether the selected reference 
source lines SL1 - SLn and SLref , the ( n + 1 ) erase lines memory cell Cref2 is in the programmed state or the erased 
EL1 - ELn and ELref and the ( n + 1 ) bit lines BL1 - BLn and state , the current comparator 630 generates the output data 
BLref , respectively . signal Do to indicate the storage state of the selected general 

For example , the word line WL2 is connected with the n 35 memory cell C22 according to the result of comparing the 
memory cells C21 - C2n and Cref2 in the second row . The read current Ir with the reference current Iref . 
memory cells C21 - C2n in the first array region 612 are In the above embodiment , the erase efficiency of the 
connected with then source lines SL1 - SLn , the n erase lines memory cell is determined according to the floating gate 
EL1 - ELn and the n bit lines BL1 - BLn , respectively . The coupling ratio . It is noted that numerous modifications and 
reference memory cell Cref2 in the second array region 614 40 alterations may be made while retaining the teachings of the 
is connected with the source line SLref , the erase line ELref invention . For example , in case that the structure of the erase 
and the bit line BLref . gate region is altered , the erase efficiency of the memory cell 

The sensing circuit 620 comprises a switch set and a is correspondingly changed . 
current comparator 630. The switch set comprises ( n + 1 ) FIGS . 7A , 7B and 7C schematically illustrate three 
switches S1 - Sn and Sref . According to a control signal Ctrl , 45 examples of the erase gate region . 
one of the switches S1 - Sn is controlled to be in a close state , As shown in FIG . 7A , the memory cell 710 is a general 
and the other switches of the switches S1 - Sn are controlled memory cell , and the memory cell 720 is a reference 
to be in an open state . The sensing circuit 620 can judge memory cell . The floating gate 714 of the memory cell 710 
whether the selected general memory cell of the first array is extended over an n - type doped region 716. The floating 
region 612 is in the programmed state or the erased state . 50 gate 724 of the memory cell 720 is extended over an n - type 

During a read action , the select gate voltage Vsg is doped region 726 . 
provided to the word line WL2 . Consequently , the word line For example , the effective erase gate area B1 of the 
WL2 is activated , and the row of the ( n + 1 ) memory cells memory cell 710 and the effective erase gate area B2 of the 
C21 - C2n and Cref2 connected with the word line WL2 is a memory cell 720 are equal . In case that the dopant concen 
selected row . 55 tration of the n - type doped region 716 and the dopant 

For example , if the switch S2 and the switch Sref are in concentration of the n - type doped region 726 are different , 
the close state and the other switches are in the open state the erase efficiency of the memory cell 710 and the erase 
according to the control signal Ctrl , the general memory cell efficiency of the memory cell 720 are different . For example , 
C22 is the selected general memory cell and the reference if the dopant concentration of the n - type doped region 716 
memory cell Cref2 is the selected reference memory cell . 60 is higher than the dopant concentration of the n - type doped 
The selected general memory cell C22 is connected with the region 726 , the erase efficiency of the memory cell 710 is 
current comparator 630 through the bit line BL2 . The higher than the erase efficiency of the memory cell 720 . 
selected reference memory cell Cref2 is connected with the As shown in FIG . 7B , the memory cell 730 is a general 
current comparator 630 through the bit line BLref . memory cell , and the memory cell 740 is a reference 
When proper magnitudes of the source line voltage Vsz is 65 memory cell . The floating gate 734 of the memory cell 730 

provided to the source lines SL2 and SLref , the erase line is extended over an n - type doped region 736. The floating 
voltage VEL is provided to the erase lines EL2 ELref and the gate 744 of the memory cell 740 is extended over an n - type 
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doped region 746. The memory cell 740 further comprises a When the read action is performed and the word line is 
metal layer 748 to cover the n - type doped region 746 and the activated , the sensing circuit receives the read current from 
floating gate 744 in the erase gate region . However , the the general memory cell and the reference current from the 
metal layer 748 is not in contact with the n - type doped reference memory cell . In addition , the sensing circuit 
region 746 and the floating gate 744 . 5 generates an output data signal to indicate the storage state 

For example , the effective erase gate area B1 of the of the general memory cell . 
memory cell 730 and the effective erase gate area B2 of the While the invention has been described in terms of what 
memory cell 740 are equal . Since the metal layer 748 is is presently considered to be the most practical and preferred 
located over the erase gate region , the electric field distri- embodiments , it is to be understood that the invention needs 
bution of the erase gate region is affected and the erase 10 not be limited to the disclosed embodiment . On the contrary , 
efficiency of the memory cell 740 is reduced . Consequently , it is intended to cover various modifications and similar 
the erase efficiency of the memory cell 730 is higher than the arrangements included within the spirit and scope of the 
erase efficiency of the memory cell 740 . appended claims which are to be accorded with the broadest 
As shown in FIG . 7C , the memory cell 750 is a general interpretation so as to encompass all such modifications and 

memory cell , and the memory cell 760 is a reference 15 similar structures . 
memory cell . The floating gate 754 of the memory cell 750 What is claimed is : 
is extended over an n - type doped region 756. The floating 1. An erasable programmable non - volatile memory , com 
gate 764 of the memory cell 760 is extended over an n - type prising : 
doped region 766 and spanned over the n - type doped region a memory array comprising a first array region and a 
766 . second array region , wherein a first word line is con 

Since the floating gate 764 of the memory cell 760 is nected with a first row of n general memory cells in the 
spanned over the n - type doped region 766 , the point dis- first array region , and the first word line is connected 
charge efficiency of the floating gate 764 and the floating with a first reference memory cell in the second array 
gate coupling ration are affected . In such way , the erase region , wherein the memory array further comprises n 
efficiency of the memory cell 760 is reduced . Consequently , 25 general bit lines , n general erase lines , n general source 
the erase efficiency of the memory cell 750 is lower than the lines , a reference bit line , a reference erase line and a 
erase efficiency of the memory cell 760 . reference source line , wherein the first row of n general 

In the embodiment of FIG . 6 , the second array region 614 memory cells are respectively connected with the n 
comprises mxl reference memory cells Crefl - Crefm . In general bit lines , the n general erase lines and the n 
some embodiment , the mx1 memory cells Crefl - Crefm is 30 general source lines , and the first reference memory cell 
replaced by a single reference memory cell . FIG . 8 is a is connected with the reference bit line , the reference 
schematic circuit diagram illustrating an erasable program erase line and the reference source line , wherein a read 
mable non - volatile memory according to a second embodi- current in the program state of each general memory 
ment of the present invention . In comparison with the first cell is higher than a read current in the program state of 
embodiment , the erasable programmable non - volatile 35 the first reference memory cell , and an erase efficiency 
memory of the second embodiment is not equipped with the of each general memory cell is higher than an erase 
second array region 614. In contrast , the second array region efficiency of the first reference memory cell ; and 
is replaced by a single reference memory cell Cref . For a sensing circuit comprising a switch set and a current 
succinctness , only the relationships between the reference comparator , wherein the switch set is connected with 
memory cell Cref and the associated components and the 40 the n general bit lines and the reference bit line , and the 
operating principles will be described as follows . current comparator is connected with the switch set , 

Please refer to the FIG . 8. In the memory array 810 , the wherein when a read action is performed and the first 
reference memory cell Cref is connected with the reference word line is activated , one of the n general bit lines and 
word line WLref , the source line SLref and the erase line the reference bit line are connected with the current 
ELref . During the read action , the select gate voltage Vsg is 45 comparator through the switch set according to a con 
provided to one of the m word lines WLi - WLm and the trol signal , so that one of the first row of n general 
reference word line WLref . Consequently , the corresponding memory cells is determined as a first selected general 
word line ad the reference word line WLref are activated . memory cell and the first reference memory cell is 
Meanwhile , a selected general memory cell and a selected determined as a first selected reference memory cell , 
reference memory cell Cref of the memory array 810 are 50 wherein the first selected general memory cell gener 
determined . Consequently , a read current Ir generated by the ates a first read current to the current comparator , the 
selected general memory cell and a reference current Iref first selected reference memory cell generates a first 
generated by the selected reference memory cell are trans- reference current to the current comparator , and the 
mitted to the current comparator 630. According to the result current comparator generates an output data signal 
of comparing the read current Ir with a reference current 55 according to the first reference current and the first read 
Iref , the current comparator 630 issues an output data signal current ; 
Do to indicate the storage state of the selected general wherein a first general memory cell of the n general 
memory cell . memory cells comprises : 

From the above descriptions , the present invention pro- a first p - type doped region connected with a first general 
vides an erasable programmable non - volatile memory . The 60 source line ; 
erasable programmable non - volatile memory comprises a a second p - type doped region ; 
memory array and a sensing circuit . The memory cell array a third p - type doped region connected with a first general 
comprises a general memory cell and a reference memory bit line ; 
cell . The general memory cell and the reference memory cell a first n - type doped region connected with a first general 
are connected with a word line . The read current in the 65 erase line ; 
program state and the erase efficiency of the general memory a first select gate connected with the first word line and 
cell are higher than those of the reference memory cell . located over a region between the first p - type doped 
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region and the second p - type doped region , wherein a reference current is lower than the first read current , the first 
first select transistor is defined by the first select gate , selected general memory cell is in a programmed state . 
the first p - type doped region and the second p - type 6. The erasable programmable non - volatile memory as 
doped region collaboratively ; and claimed in claim 5 , wherein the first selected reference 

a first floating gate located over a region between the 5 memory cell is in the programmed state or the erased state . 
second p - type doped region and the third p - type doped 7. The erasable programmable non - volatile memory as 
region , wherein a first floating gate transistor is defined claimed in claim 1 , wherein the first reference memory cell by the first floating gate , the second p - type doped comprises : 
region and the third p - type doped region collabora a fourth p - type doped region connected with a first tively ; reference source line ; wherein a first overlapping region of the first floating gate a fifth p - type doped region ; overlying a channel region of the first floating gate 
transistor is a first effective floating gate area , the first a sixth p - type doped region connected with the first 

reference bit line ; floating gate is extended to the first n - type doped 
region , and a second overlapping region of the first 15 a second n - type doped region connected with the first 

reference erase line ; floating gate overlying the first n - type doped region has 
a first effective erase gate area , a second select gate connected with the first word line and 

located over a region between the fourth p - type doped wherein a percentage of the first effective floating gate 
area divided by the sum of the first effective floating region and the fifth p - type doped region , wherein a 
gate area and the first effective erase gate area is defined 20 second select transistor is defined by the second select 
as a first floating gate coupling ratio of the first general gate , the fourth p - type doped region and the fifth p - type 

doped region collaboratively ; and 
2. The erasable programmable non - volatile memory as a second floating gate located over a region between the 

claimed in claim 1 , wherein a second word line of the fifth p - type doped region and the sixth p - type doped 
memory array is connected with a second row of n general 25 region , wherein a second floating gate transistor is 

defined by the second floating gate , the fifth p - type memory cells in the first array region , and the second word 
line is connected with a second reference memory cell in the doped region and the sixth p - type doped region collab 

oratively ; second array region , wherein the second row of n general 
memory cells are respectively connected with the n general wherein a third overlapping region of the second floating 
bit lines , the n general erase lines and the n general source 30 gate overlying a channel region of the second floating 
lines , and the second reference memory cell is connected gate transistor is a second effective floating gate area , 
with the reference bit line , the reference erase line and the the second floating gate is extended to the second 
reference source line , wherein when the read action is n - type doped region , and a fourth overlapping region of 
performed and the second word line is activated , one of the the second floating gate overlying the second n - type 
n general bit lines and the reference bit line are connected 35 doped region has a second effective erase gate area , 
with the current comparator through the switch set according wherein a percentage of the second effective floating gate 

area divided by the sum of the second effective floating to the control signal , so that one of the second row of n gate area and the second effective erase gate area is general memory cells is determined as a second selected 
general memory cell and the second reference memory cell defined as a second floating gate coupling ratio of the 
is determined as a second selected reference memory cell , 40 first reference memory cell . 
wherein the second selected general memory cell generates 8. The erasable programmable non - volatile memory as 

claimed in claim 7 , wherein the first effective floating gate a second read current to the current comparator , the second 
selected reference memory cell generates a second reference area is larger than the second effective floating gate area . 
current to the current comparator , and the current compara 9. The erasable programmable non - volatile memory as 
tor generates the output data signal according to the second 45 claimed in claim 8 , wherein the first floating gate coupling 
reference current and the second read current . ratio is higher than the second floating gate coupling ratio . 

3. The erasable programmable non - volatile memory as 10. The erasable programmable non - volatile memory as 
claimed in claim 2 , wherein if the second reference current claimed in claim 8 , wherein a dopant concentration of the 
is higher than the second read current , the second selected first n - type doped region is higher than a dopant concentra 

tion of the second n - type doped region . general memory cell is in an erased state , wherein if the 50 11. The erasable programmable non - volatile memory as second reference current is lower than the second read claimed in claim 8 , wherein the first reference memory cell current , the second selected general memory cell is in a further comprises a metal layer to cover the fourth overlap programmed state . 
4. The erasable programmable non - volatile memory as ping region , wherein the metal layer is not in contact with 

claimed in claim 3 , wherein the second selected reference 55 the second n - type doped region and the second floating gate . 
memory cell is in the programmed state or the erased state . 12. The erasable programmable non - volatile memory as 

5. The erasable programmable non - volatile memory as claimed in claim 8 , wherein the second floating gate is 
extended over the second n - type doped region and spanned claimed in claim 1 , wherein if the first reference current is over the second n - type doped region . higher than the first read current , the first selected general 

memory cell is in an erased state , wherein if the first 


